Objective: To investigate the survival outcomes in patients with bulky stage IIIC and IV ovarian cancer, treated by primary debulking surgery (PDS) and selective use of neoadjuvant chemotherapy (NAC) according to institutional criteria. Methods: Medical records for advanced ovarian cancer patients who were treated at National Cancer Center (NCC) between December 2000 and March 2009 were retrospectively reviewed in the comprehensive cancer center. Bulky stage IIIC and IV ovarian cancer cases were included. Current NCC indication for NAC is determined based on patients' performance status and/or computerized tomography (CT) findings indicating difficult cytoreduction. After NAC, all traces of regressed metastatic ovarian cancer, potentially including chemotherapy-resistant cancer cells, were surgically removed. Results: Of the 279 patients with bulky stage IIIC and IV, 143 (51%) underwent PDS and 136 (49%) received NAC. No gross residual and residual tumor measuring ≤1 cm was achieved in 66% and 96% of the PDS group and 79% and 96% of the NAC group, respectively. The median progression-free survival (PFS) and overall survival (OS) time were 20 months and not reached, but might be estimated more than 70 months in the PDS group and 15 and 70 months in the NAC group, respectively. Conclusion: Extensive cytoreductive surgery to minimize residual tumor and selective use of NAC based on the institutional criteria could result in improved survival outcomes. Until further studies can be done to define the selection criteria for NAC after surgery, institutional criteria for NAC should consider the ability of the surgeon and institutional capacity.
INTRODUCTION
In the United States, 22,280 new cases and 14,240 deaths of ovarian cancer were estimated in 2016 [1] . The 5-year relative survival rate for ovarian cancer diagnosed between 2005 and 2011 was 92%, 73%, and 28% for localized, regional, and distant disease [1] . In Korea, 2,450 new cases and 1,097 deaths are confirmed according to the Korea Central Cancer Registry [2] . Crude incidence and mortality rates of ovarian cancer are 9.6 and 6.4 per 100,000 females [2] . The annual percent change in incidence of ovarian cancer and epithelial ovarian cancer in Korea is +1.5% and +2.5% in females, respectively [3, 4] . The absence of early warning signs or symptoms of ovarian cancer and the lack of screening make conquering the disease challenging. Additionally, more than half of patients were diagnosed at advanced stages.
Primary cytoreductive surgery with adjuvant taxane-platinum chemotherapy is the standard treatment for advanced ovarian cancer. The most important prognostic factor for ovarian cancer is the extent of completeness of cytoreduction [5, 6] . The European Organization for Research and Treatment of Cancer-National Cancer Institute of Canada Clinical Trials Group (EORTC-NCIC) randomized trial concluded "non-inferior overall survival (OS) rates" of neoadjuvant chemotherapy (NAC) followed by interval debulking and adjuvant chemotherapy compared to primary cytoreductive surgery followed by adjuvant chemotherapy [7] . However, the rate of optimal debulking in terms of residual tumor less than 1 cm (42% for primary cytoreductive group and 81% for NAC group) is quite low in the trial [7, 8] . Median progression-free survival (PFS) and OS were 12 and 29 months for the primary cytoreductive surgery group and 12 and 30 months for the NAC group, respectively [7] . In the primary chemotherapy versus primary surgery for newly diagnosed advanced ovarian cancer (CHORUS) trial, median PFS and OS were 11 and 23 months for the primary cytoreductive surgery group and 12 and 24 months for the NAC group, respectively with the rate of optimal debulking in terms of residual tumor less than 1 cm (41% for primary cytoreductive group and 73% for NAC group) [9] .
Chi et al. [10] reported the treatment outcomes with same criteria of EORTC trial during same period. A majority of the patients (90%) underwent primary cytoreductive surgery in the study. Median PFS and OS were 17 and 50 months, respectively. Recently, NAC guidelines for advanced peritoneal, epithelial ovarian, and fallopian tubal cancer by the Society of Gynecologic Oncology and the American Society of Clinical Oncology suggest that NAC should be individualized according to surgical outcomes including postoperative morbidity and residual tumor [11] . The recommendation is based on the fact that surgical outcomes related to the extent of residual tumor differ among surgeons and across institutions [11] [12] [13] . Therefore, treatment outcomes based on institutional criteria for NAC should be investigated further.
Compared to the previous 2 studies [7, 10] , the National Cancer Center-Korea has used different criteria mainly based on computerized tomography (CT) imaging. The objective of the study was to investigate the treatment outcomes of patients with bulky stage IIIC and IV ovarian cancer who underwent extensive primary debulking surgery (PDS) and selective use of NAC at our institution, using the same inclusion criteria as the EORTC-NCIC trial. [14] . Metastasis only in the retroperitoneal lymph node (LN) disease was excluded.
MATERIALS AND METHODS
The residual tumor has been defined as follows: 1) no gross residual (NGR), reflecting complete cytoreduction to a visibly disease-free state (microscopic residual); 2) gross residual-1 (GR-1), indicating residual disease measuring ≤1 cm in maximal diameter; and 3) gross residual-bulky (GR-B), for residual disease measuring >1 cm in maximal diameter [15] . Gross residual (GR) includes GR-1 and GR-B.
The indication of NAC has been described in Table 1 . The preoperative evaluation including cytology, pathology, and image were discussed at the tumor board conference by a multidisciplinary team including gynecologic oncologist, surgical oncologist, radiologist, nuclear medicine physician, and pathologist. Tumors at the pelvic cavity were not considered for determination of resectability in general. Tumors at challenging areas such as the smallbowel mesentery, lesser peritoneal sac, porta hepatis, suprarenal LN, or retrocrural LN were considered for resection and discussed extensively by the surgical team during the tumor board [16] . All operations were performed by gynecologic oncologists leading comprehensive surgical teams. The principles of cytoreductive surgical procedures have been described in a report by Lim et al. [17] . Dual thromboprophylaxis of elastic stockings with low-molecularweight heparin were used to prevent postoperative venous thromboembolism [18] .
During the cytoreductive surgery, all traces of regressed tumor after NAC were removed as much as possible based on an initial image study to remove potential ovarian cancer stem cells [19] . The abdominal wall was closed layer by layer [20, 21] . After cytoreductive surgery, women with ovarian cancer were treated with adjuvant paclitaxel and carboplatin chemotherapy usually for 3-6 cycles depending on the primary treatment, NAC or PDS and pathological response in case of NAC. Less than 10 patients received intraperitoneal chemotherapy (Gynecologic Oncology Group [GOG] 172): most of the patients received less than 1 cycle of intraperitoneal chemotherapy. Some of the patients received hyperthermic intraperitoneal chemotherapy (HIPEC) as part of a phase II and randomized trial [22, 23] . Because both studies are ongoing and follow-up has not been completed, HIPEC was not evaluated or analyzed in this study. Posttreatment surveillance included imaging studies such as sonography, CT, magnetic resonance imaging (MRI), or positron emission tomography (PET)/CT and serum CA125 every 3 months for 2-3 years and then every Neoadjuvant chemotherapy in ovarian cancer Table 1 . Current indication of NAC* 1) Biopsy proven advanced peritoneal, epithelial ovarian, and fallopian tubal cancers or cytology-confirmed adenocarcinoma with negative colonoscopy and esophagogastroduodenoscopy 2) Poor performance status and/or grave medical condition, considering intraperitoneal tumor status 3) CT findings ① Extra-peritoneal disease (except isolated malignant pleural effusion or resectable metastatic lesions such as cardiophrenic LN metastasis)
6 months for 2-3 additional years. After 5-years surveillance, serum CA125 levels were checked annually.
Statistical analysis was performed by using the R statistical software version 2.12.1 (R Foundation for Statistical Computing, Vienna, Austria; ISBN 3-900051-07-0; http://R-project. org). PFS and OS were calculated from the day of initial treatment to the day of clinical recurrence by CA125 and/or imaging such as CT, MRI, or PET/CT and death, respectively. Survival was estimated with the Kaplan-Meier method and statistical significance was determined by the log-rank test. All p-values presented are 2-sided, and associations are considered significant if the p-value is <0.05.
RESULTS
Of the 316 patients identified with stage III/IV ovarian cancer, 24 patients with stage IIIA and IIIB, and 13 patients with stage IIIC due to isolated LN metastasis were excluded (Fig. 1) . Of the remaining 279 patients with bulky stage III/IV, 143 patients (51%) were treated with PDS and 136 patients (49%) were treated with NAC.
Patient characteristics among NCC, Memorial Sloan Kettering Cancer Center (MSKCC), and the EORTC trial are described in PDS and NAC groups). Stage IIIC composed of 80.4% and 68.4% of the patients of the PDS and NAC groups, respectively. More stage IV disease was included in NCC and the EORTC trial (25.9% and 24.3% of the PDS and NAC groups, respectively) compared to MSKCC (13%). Serous histology was 80% and 72% for the PDS and NAC groups, respectively. Serous histology was included more frequently in NCC and MSKCC (87%) compared to the EORTC trial (65.5% and 58.1% of the PDS and NAC groups, respectively). Median CA125 was 796 U/dL (range, 10-20; 900 U/dL) and 1,609 U/dL (range, 11-41; 280 U/dL) for the PDS and NAC groups, respectively. Upper abdominal surgical procedures were performed in 111 (78%) and 92 (68%) patients in the PDS and NAC groups, respectively. Finally, NGR were observed in 94 (66%) and 108 (79%) patients in the PDS and NAC groups, respectively. The percentage of patients with residual tumor ≤1 cm was 96% and 96% of the PDS and NAC groups, respectively. Of the women undergoing PDS and NAC, 12.5% (17/136) and 14.7% (21/143) were registered in HIPEC clinical trials.
The median PFS was 20 months for the PDS group and 15 months for the NAC group (Fig. 2) .
The 5-year PFS was 23% for PDS and 16% for NAC (p=0.033). The median OS did not reach but more than 70 months for the PDS group and was 70 months for the NAC group. The 5-year OS was 61% for PDS and 51% for NAC (p=0.252).
The median PFS was 19 months and 15 months for NGR and GR, respectively (Fig. 3) . The 5-year PFS was 21% and 17% for NGR and GR, respectively (p=0.069). The median OS did not reach and was 58 months for NGR and GR, respectively. The 5-year OS was 62% and 45% for NGR and GR, respectively (p=0.035). 
DISCUSSION
Survival outcome in ovarian cancer is significantly correlated with efforts to minimize residual disease, which is successfully achieved by incorporating upper abdominal surgical procedures [7, 10, 18] . This is consistent with previous meta-analysis for a positive correlation between increased median OS with an increased rate of optimal debulking [6] . The survival benefit of an increased rate of complete or optimal cytoreductive surgery in the management of ovarian cancer was observed in the current study and previous studies [6, 15, 24] . In the current study, the indication for NAC (Fig. 1) was changed as surgical skills and instruments improved [11] . We recently reported feasible cytoreduction in challenging areas including the liver, porta hepatis, and cardiophrenic LN metastases [25] [26] [27] [28] . The indication for NAC might change with the increasing rate of complete or optimal cytoreduction. The indication for NAC is based on hospital capacity, multi-disciplinary surgical teams, and, mostly, the skill and experience of the surgeon. We believe that primary cytoreductive surgery to minimize the residual tumor which does not delay the postoperative chemotherapy resulting NGR is important. If macroscopic residual tumor after cytoreductive surgery is expected on the challenging surgical area preoperatively, NAC could be used as an alternative treatment.
Some explanation might be needed for the significantly improved survival rates in the current study compared to previous studies [7, 9, 10] . First, better OS definitively comes from higher rates of upper abdominal surgical procedures resulting in higher rates of complete or optimal debulking. Even within the same NGR or GR-1 groups, the volume of the residual tumor was quite different according to the surgical effort. Recently, our surgical team has tried to palpate and remove all metastatic lesions, including challenging areas such as the porta hepatis or the lesser peritoneal sac [27] . In the previous study, increased likelihood of cytoreduction and risk reduction of death in hospital is estimated in high-volume hospital [13] . Second, regular surveillance for recurrence using image studies such as CT, MRI, or PET/CT after completion of the primary treatment irrespective of symptoms or signs suggestive of recurrence, or elevation of CA125 might offer an opportunity to undergo curative treatment including a secondary cytoreductive surgery and/or chemotherapy. In Korea, women with ovarian cancer received a PET/CT if there was clinical suspicion of recurrence at any time with National Health Insurance. The cost of PET/CT for the women with ovarian cancer was about 40 USD, excluding reimbursement from the National Health Insurance system. Inexpensive early detection and intervention might be one explanation for the survival improvement of these patients. Third, several clinical trials including HIPEC might be one of the reasons for the improved survival outcomes [22] . Fourth, relatively short follow-up interval might be another reason for the improved survival outcomes. Fifth, removing all traces of regressed tumor after NAC may have reduced the residual ovarian cancer stem cells [19] . Lastly, some of the women who received NAC and showed a poor response did not undergo interval debulking surgery and were excluded for this report. This may be another explanation from the current results. For a proper comparison based on an intention-to-analysis, patients who received chemotherapy only should be included. In such a subgroup, patients with poor responses to NAC and patients with excellent responses, such as complete response based on imaging and CA125, might be included. These clinical situations have not been considered in most of the previous studies and careful comparison and interpretation is required.
Although they have the same rate of complete or optimal debulking, poor survival outcomes might be expected in the NAC group compared to the PDS group [7] . This might be related with the possibility of higher concentration of platinum-and/or taxane-resistant ovarian cancer cells, including ovarian cancer stem cells in same bulk tumor after NAC [8, 17] . Our surgical policy after NAC, "removing all traces of regressed tumor after NAC," needs to be confirmed in future studies.
We believe that the criteria for NAC should be individualized based on surgeon experience, hospital capacity, and the cooperation of surgeons from other departments [12, 13, 29, 30] . The criteria changed with the evolution of surgical experience and technique [11] . Therefore,
